INTRODUCTION
Infants born preterm are at risk for developing various impairments that might persist into childhood. The severity of these impairments varies from uni-or bilateral cerebral palsy (CP) and sensory loss to minor motor problems, learning disabilities, attention, or behavioral problems. [1] [2] [3] The risk of impairments increases with very low birth weight and decreasing gestational age. 2 Early detection of adverse neurodevelopmental outcome is important to distinguish between infants who are not in need of special attention and those who may need individualized follow-up. Systematic reviews of neonatal assessments tools [4] [5] [6] conclude that one of the best assessment tools to identify infants at risk for impairments and to predict later adverse neurodevelopmental outcome is the General Movement Assessment (GMA) developed by Prechtl and colleagues. 7, 8 On the basis of several studies, the interrater agreement of the GMA for qualified observers has been shown to be high. 8 General movements (GMs) are the most frequent and complex movement pattern of all spontaneous movements seen in fetuses and infants. The GMs have age-specific characteristics, which include preterm GMs (<37 weeks' postmenstrual age [PMA] ), writhing movements (between 37 and 48 weeks' PMA), and fidgety movements (9 to 20 weeks' corrected age [CA] ). 8 The absence of fidgety movements is highly predictive of CP. 5, 6, [8] [9] [10] [11] [12] The sensitivity of abnormal GMs for identifying children with later CP is high across different ages, whereas the specificity is only reported to be high when the assessment is performed during the period of fidgety movements. 8, 13 One reason for low specificity in preterm, term, and early postterm age is that the abnormal movement patterns may not persist.
the detailed aspects of the GMs, whereas the optimality list in the second age period covers the concurrent motor repertoire, which are movements occurring together with the GMs. 17 A low motor repertoire score at 3 to 5 months' CA is predictive of later impaired motor and cognitive function. [17] [18] [19] The optimality list for the preterm to early postterm age has been used in fewer studies and the results are less conclusive. 14, 16, 20, 21 Einspieler et al 16 used a revised version of the optimality list at preterm to early postterm age including 233 infants born preterm or term. They reported the association between GMA and the optimality list to be good and that the total General Movement Optimality Score (GMOS) distinguished between normal and abnormal GMs. With regard to prediction, a study of 26 infants born preterm with neonatal complications had only a fair correlation between the GMOS at term age and the mental developmental index of Bayley Scales of Infant Development-II at 2 to 3 years. 20 In a study of 18 infants born preterm with abnormal findings on cranial ultrasound, assessed weekly with the optimality list between birth and 8 weeks' postterm age, the detailed score of poor repertoire GMs was not related to the neurological outcome on the Touwen examination at 8 to 10 years. 21 But a decrease in the GMOS from first to last assessment was associated with unfavorable neurological outcome. 21 These studies indicate that a semiquantification of GMs with an optimality list could be useful in distinguishing between infants with typical and atypical early motor function, but its role in prediction of long-term neurodevelopment is unclear.
The aim of our study was to examine the concurrent validity of the optimality list "Detailed Assessment of General Movements (GMs) During Preterm and Term Age" 16 in a group of infants born preterm without severe brain lesions. We assessed whether the optimality list distinguishes between infants with normal and abnormal GMs. Furthermore, we assessed whether the total score of the optimality list was a predictor of normal or abnormal GMs at 3 months' CA.
METHODS

Study Design and Participants
This is a validity study with a convenience sample of 20 infants born preterm from 2008 to 2010. The infants were participating in an ongoing prospective follow-up study of infants born preterm at the University Hospital of Modena. Inclusion criteria were infants with gestational age less than 32 weeks and/or birth weight less than 1500 g. Exclusion criteria were cerebral lesions (grade 3 or 4 intra-para-ventricular hemorrhage or cystic periventricular leukomalacia or cerebellar damage), congenital malformations, genetic disorders, or blindness. The infants had video recordings of their GMs at 4 age periods: 31 to 35, 37 to 41, 43 to 45, and 51 to 54 weeks' PMA. The study was approved by the ethics committee of Modena (z 32/13).
Assessment Tools
We used the optimality list "Detailed Assessment of General Movements (GMs) During Preterm and Term Age" as used in the article by Einspieler et al. 16 This optimality list comprises a global assessment of GMs followed by a detailed score of neck, trunk, and upper and lower limb movements. The assessment is noninvasive, as it is based on replay of a video recording of the infant while lying in bed or on a mat. 8 The items are scored on a 0-to 2-point rating scale, with 2 points as the optimal score. Global GMA is classified as either normal (2), poor repertoire (1), cramped-synchronized, or chaotic (0). After the global assessment, neck and trunk movements are scored. Nine different movement components are scored in the upper and lower limbs: amplitude, speed, space, proximal and distal rotation, onset and offset of movements, tremulous movements, and cramped components. Optimality subscores (OS) for upper and lower limbs and neck and trunk are calculated separately. The maximum OS for upper or lower limbs is 18 and the maximum OS for neck and trunk is 4 points. The maximum GMOS is 42 points. 16 The GMs at 3 months' CA were classified as normal or abnormal GMA. At this age, normal GMA comprises 2 subcategories of normal GMs: normal-continual fidgety movements (F++) and normal-intermittent fidgety movements (F+). Abnormal GMA comprises 3 subcategories of abnormal GMs: sporadic fidgety movements (F±), abnormal fidgety movements, and absent fidgety movements (F−).
8,22
Procedure
Video recordings of the infants at the following ages had been performed according to Prechtl' s method 8 : preterm (31-35 weeks' PMA), term (37-41 weeks' PMA), early postterm (43-45 weeks' PMA), and at 51 to 54 weeks' PMA. The participants and their video recordings were given random numbers by an independent third person without knowledge of the infants. A pediatric physical therapist unaware of the infants' medical history and neurodevelopmental outcome edited the video recordings into 2-minute video clips or video clips of 3 GMs. Detailed analyses of the infants' spontaneous movements were performed in several steps. All video recordings were assessed individually by 2 observers, both pediatric physical therapists, and 1 of them a GMA tutor. Each observer replayed each video a minimum 4 times. First, a global assessment of the GMs was performed. Then, neck and trunk movements were scored followed by further replays for scoring of upper and lower limb movements separately.
If there was disagreement with either the global assessment or a difference of more than 5 points in the GMOS, the video recordings were assessed by a third observer, a pediatrician in the process of becoming a GMA tutor. The scores that 2 of the observers agreed upon were used. All observers had significant experience in assessing infants and young children, and all were certified in the GMA. Before analyzing the video recordings, the observers analyzed 11 video recordings of 4 infants not included in the study sample, to reach consensus on scoring the items in the optimality list.
Statistics
The software IBM SPSS statistics version 22 was used for analyses. The GMOS was normally distributed on the basis of visual inspection of a Q-Q plot of the residuals. However, because the single items have few scoring categories, we mainly used nonparametric tests.
Agreements between observers were assessed by calculating intraclass correlation coefficients (ICC 2.1 ). 23 Spearman' s rho (r s ) was used to explore concurrent validity of the GMOS and GMA and of single-item scores for neck, trunk, upper, and lower limb movements. 24 A correlation above 0.75 is considered good to excellent, correlation of 0.50 to 0.75 moderate to good, below 0.50 indicates a fair relationship, and below 0.25 is considered little or no correlation. 24 The Mann-Whitney U test was applied to compare the GMOS between infants with normal and poor repertoire GMA. Receiver-operating characteristics curves (ROC curves) were used to calculate area under the curve as an estimate of diagnostic accuracy of the GMOS with respect to GMs at 3 months' CA. P values lower than .05 were considered statistically significant.
RESULTS
Infant Characteristics
Infants' characteristics are shown in Table 1 . Approximately half of the infants had a gestational age below 28 weeks and the majority had a birth weight below 1000 g. Four (20%) infants had neonatal complications. At preterm age, 18 (90%) infants were classified with poor repertoire GMs and only 2 (10%) had normal GMs. At term age, 13 (65%) and 7 (35%) had poor repertoire GMs and normal GMs, respectively. At early postterm age, 8 (40%) infants had poor repertoire and 12 (60%) infants had normal GMs (Table 2) . No infants had cramped-synchronized or chaotic GMs at any age. 
General Movement Optimality Score at Preterm, Term, and Early Postterm
The Table 2 ). The GMOS of the individual infants at different ages is presented in Supplemental Digital Content 1 (available at: http://links.lww.com/ PPT/A181).
Outcome at 3 Months' Corrected Age
At 3 months' CA, 15 (75%) infants were classified as normal and 5 (25%) with abnormal GMs (Table 2 ); of these, 1 with absence of fidgety movements and 4 with sporadic fidgety movements (Supplemental Digital Content 1, available at: http:// links.lww.com/PPT/A181).
Concurrent Validity of the General Movement Optimality List
With the GMA at Preterm, Term, and Early Postterm Age Table 3 includes the GMOS as significantly correlated with the GMA at the 3 ages. The correlation between the single items of the optimality list and GMA was significant at term and early postterm age (r s > 0.6, P < .05), except for tremulous movements and cramped components for upper and lower limbs (Table 3) . At preterm age, the correlation coefficients indicated little to fair relationship (r s < 0.50, nonsignificant) between the majority of the single items and the GMA. All infants had absence of cramped components for upper limbs at preterm and early postterm age, and the correlation with the GMA could therefore not be calculated.
Only 7 of the single items correlated with the GMA across the 3 ages. These were involvement of movements in the neck, amplitude, speed, and proximal and distal rotation of the upper limbs, and amplitude and speed of the lower limbs ( Table 3) .
The median GMOS with IQR in infants with normal and poor repertoire GMA at preterm, term, and early postterm age is shown in Table 4 and the Figure. The median GMOS differed significantly between infants with normal and poor repertoire GMA across all ages (P < .035), as shown in Table 4 . The Figure  graphs the IQR for normal versus poor repertoire GMs and the scores did not overlap at any age. Only OS for preterm age lower limbs, neck, and trunk did not differ between normal and poor repertoire GMA. 
TABLE 4
General 
DISCUSSION
This study assesses the concurrent and predictive validity of the optimality list "Detailed Assessment of General Movements (GMs) During Preterm and Term Age" in a small group of infants born preterm without known severe brain lesions. The concurrent validity was moderate to high between the optimality list and GMA across preterm to early postterm age. The GMOS was able to distinguish between infants with normal and poor repertoire GMA at these ages. However, the predictive validity of the GMOS with respect to GMs at 3 months' CA was low. The predictive validity of long-term outcome was not assessed in this study, which is a limitation.
Another limitation of our study is the small sample size. The reason for this low number of infants was that they were infants participating in another ongoing study, and they were the only infants with video recordings of their GMs at the 4 age periods. The group of infants was also homogeneous; all were extremely or very low-birth-weight infants without severe brain lesion on cranial ultrasonography. None of the infants were classified with chaotic or cramped-synchronized GMs.
A limitation in our use of the optimality list for assessing concurrent validity is that one of the items is directly linked with the global score, the item "sequence." This item, with a score of 0 to 2 points, is part of the total optimality score. 16 Therefore, this item was not included as a separate item in the correlation analyses.
The concurrent validity of the optimality list and the GMA was good at term and early postterm age. Because the GMA and the optimality list both comprise of the infants' GMs, we would expect the concurrent validity between the 2 to be high. However, at preterm age we found only little to fair relationship between the majority of the single items in the optimality list and the global GMA. Why the concurrent validity was only little to fair at this age might be because the preterm GMs are different from writhing movements, and the items of the optimality list might reflect more of the writhing movements.
Variability of amplitude, speed, and space in the limbs and fluency of movements are qualities that are assessed by both the GMA and the optimality list, but the optimality scores, given by use of the list, give a semiquantification of these movements. The single items correlating moderately to excellently with the GMA across 3 ages were amplitude and speed in upper and lower limbs, proximal and distal rotation in upper limbs, and involvement of neck movements. Tremulous movements and cramped components in the limbs did not correlate with the GMA. However, having cramped components of movements is different from being assessed with global cramped-synchronized GMs. A limitation of our study is that none of the participants had cramped-synchronized GMs, something which might have changed the correlation between the items cramped components and the global assessment.
Other studies have reported the rate of cramped components across different categories of GMA. 14, 16, 21 According to these studies, tremulous movements and cramped components do not necessarily imply abnormal quality of GMs or later adverse neurological outcome, but could be a result of developmental mechanisms because of prematurity.
14 Our finding of high frequency of poor repertoire GMs at preterm age is in agreement with other studies describing that many infants born preterm have transient abnormal GMs. 14, 15, 21 Furthermore, we found that the GMOS distinguished between infants with normal and with poor repertoire GMA. The median GMOS was statistically higher in infants with normal GMs than in infants with poor repertoire GMs across 3 ages. Our finding, in a small group of low-risk infants, is similar to a previous study of the optimality list in a large heterogeneous group of 233 infants, which found that the distribution of the GMOS differed across normal and poor repertoire GMs. 16 However, the benefit of using the optimality list, in clinical practice or for research, needs to be explored further before it is possible to conclude about the usefulness of the GMOS besides the global GMA.
General movements seen in the infant during first few months of life may be regarded as an expression of central nervous system functioning. 25 Abnormal GMs are likely to be related to underlying white matter abnormalities. 25 In a study of 20 ten-year-old extremely low birth-weight children, brain volumes at 10 years were compared with assessments of motor repertoire at 3 months' CA. 26 They reported that only white matter volume correlated significantly with assessment of motor repertoire. Because both the optimality list and the GMA assess GMs and thus express the same phenomenon, we can assume that both the GMA and GMOS can be early indicators of adverse neurodevelopment. However, the validity of the GMA in predicting long-term adverse neurodevelopment has not shown to be good at preterm to early postterm age. Therefore, our finding of low predictive validity of the GMOS in predicting GMs at 3 months' CA was as expected. However, because of the small sample size, we cannot generalize this finding. Even though we assessed predictive validity of the optimality list for GMs at 3 months' CA, our findings were in agreement with 2 other studies evaluating predictive validity for long-term outcomes. 20, 21 The optimality list, used by certified assessors, can identify infants who might be in need of individualized follow-up. Because the method is nonintrusive, it is especially useful in assessing the youngest and most fragile infants. Use of the optimality list does not incur further stress or more video recordings, as the same video clips are used for both the GMA and the optimality list. The score of the optimality list can add information about the infants' subtle spontaneous movements; thus, it might be used as a starting point from where to plan intervention.
Establishing concurrent validity between the GMOS and the GMA is an early step in research on this topic. But more research is needed to explore the clinical implications of the GMOS and whether the optimality list can be useful for planning intervention in the writhing period, or whether it can predict long-term adverse neurodevelopment.
